Baseline surveys were conducted in the Upper West Region of Ghana to assess the distribution and densities of tsetse species, as well as the prevalence of bovine trypanosomosis. The entomological survey was designed to cover the suitable tsetse habitats along the three main rivers in the study area (i.e. Black Volta, Kulpawn and Sissili). Results indicated the presence of Glossina tachinoides in all three river basins, whilst Glossina palpalis gambiensis was only found close to the southern limit of the study area. A random sampling of 1800 cattle of the West African Short Horn, Sanga and Zebu breeds from 36 randomly selected grid cells covering the study area showed substantial differences between parasitological and serological prevalences. The average parasitological prevalence was estimated at 2.5% (95% CI: 1.06-5.77) with the majority of the infections due to Trypanosoma vivax. Most of the infected cattle were found close to the major river systems. The serological prevalence, measured using Enzyme Linked Immunosorbent Assay (ELISA), test was 19% (95% CI: 14.03-25.35). Cattle with anti-trypanosomal antibodies were also found throughout the study area.
Introduction
Trypanosomosis is a haemoprotozoan disease, mostly transmitted by the tsetse fly (Glossina spp.), which cause severe disease in humans and livestock in sub-Saharan Africa. The disease results in loss of livestock and agricultural productivity with serious socio-economic consequences (Swallow, 2000) . The occurrence of tsetse species within different climatic zones and vegetation types in Ghana were studied by various researchers. In the drier, northern parts of the country Glossina palpalis gambiensis was found to coexist, at comparatively lower densities, with Glossina tachinoides (Nash, 1948) . In these areas, suitable land cover for tsetse flies was represented by open woodland and rangeland, mostly clustered along the main rivers (Black Volta, Kulpawn and Sissili) and their tributaries. Both G. palpalis gambiensis and G. tachinoides belong to the palpalis group. They play a role in the transmission of both human and animal trypanosomosis and can adapt to high human densities (Solano et al., 2010; Courtin et al., 2009) . By contrast, Glossina morsitans submorsitans and Glossina longipalpis (morsitans group) were found to be associated with game animals in open woodland savannah. In the transitional forest zone, G. longipalpis was said to be present whereas in the forested southern part of the country, tsetse species of the fusca group (Glossina fusca, Glossina nigrofusca, Glossina tabaniformis and Glossina medicorum) (Offori, 1964) were present.
In the past, the persistence of this trans-boundary disease has certainly been enhanced by the lack of a concerted, multi-national approach. The ''Pan-African Tsetse and Trypanosomosis Eradication Campaign'' (PATTEC) was therefore established by the African Union in the year 2000 aiming at eradicating tsetse and trypanosomosis from Africa by bringing together the efforts of all affected countries. Under the PATTEC initiative, Ghana, Burkina Faso and Mali initiated a project to create tsetse-free areas within their common tsetse fly belt. Whilst the epidemiological situation of human African trypanosomosis in the region has recently been reviewed (Cecchi et al., 2009; Simarro et al., 2010) there is a need to clarify the current prevalence of animal trypanosomosis and the distribution of tsetse flies, to facilitate the making of sound decisions in the campaign. The main aim of this field-based research work is therefore to provide information on the prevalence of trypanosomes and its vector to guide decision making in project implementation, as well as to generate sound baseline data for monitoring and evaluation.
The Upper West Region in Ghana was chosen as project area for the first phase of the Ghana component of the PATTEC initiative based on economic (i.e. potential for high economic return; Shaw et al., 2006) , entomological (i.e. proximity to the northern tsetse distribution limits) and strategic criteria referring to the geographic location of the three national projects in West Africa. The study area is bordered to the North and West by Burkina Faso. It is sub-divided into 8 districts. The climate of the study area is tropical with a single rainy season from May to October, followed by a long dry season from November to April.
Three main breeds of cattle are found here: the West African Shorthorn (WASH), Zebu and Sanga. The WASH is the most common breed of cattle raised in the area because of its high trypano-tolerance as compared to the other two breeds (Mahama et al., 2003) . Of the three breeds of cattle, the Zebu is the most susceptible to trypanosomosis and the least represented in the total cattle population of the area. The zebu cattle are found mainly in the North-eastern corridors of the Upper West Region (Sissala Districts), where the tsetse population is comparatively less dense (Mahama et al., 2003) . Cattle in the Upper West Region are mostly herded by Fulani immigrants, acting as paid employees, from neighbouring countries north of Ghana. The husbandry system is sedentary with communal grazing along rivers, shuttling from settlements to the main peri-riparian grazing areas, usually located in a radius of 2-5 km (Mahama, 2005) . The practice of transhumance is also occasionally encountered in the area. Indeed, it is not infrequent to observe cattle from Burkina Faso cross the Black Volta River for grazing in and outside the study area.
Materials and methods

Study area
The study area, the Upper West Region, is located in the Volta basin, in the North-western corner of Ghana between latitude 9.62-11°N and longitude 1.40-2.76°W. The Black Volta River represents the natural border with Burkina Faso. The total surface of the Upper West Region is approximately 18,000 km 2 .
Entomological surveys
A cross-sectional tsetse fly survey was conducted along the three main rivers of the Upper West Region (Black Volta, Kulpawn, and Sissili Rivers), during dry seasons (April-May 2008 and December 2008 -March 2009 . At this time of the year, and due mainly to annual bush fires, vegetation in the Upper West Region is reduced to patches of riparian vegetation along the main river banks. In view of this and because of logistical constraints associated with sampling the entire river basins, trapping was restricted to the main rivers where riparian vegetation was present based on satellite images and visual inspection in the field. Hence, trapping sites were interspaced with open and often cultivated river banks unsuitable for tsetse (de la Rocque et al., 2001) .
Apart from the Black Volta River, which holds water throughout the year and provides ample habitat for tsetse, the other main rivers, Kulpawn and Sissili, are extensively silted and provide little potential habitat for tsetse flies. Biconical traps (Challier et al., 1977) were deployed in the suitable riparian vegetation and at cattle watering points. An average of 20 traps was deployed at each site at 200 m spacing. The location of each trap was recorded with a Global Positioning System (GPS). A total of 564 traps were deployed along the three rivers. Traps deployed at 8 am were recovered the following day at the same time, having been inspected twice within that period. Thus, tsetse flies were collected twice daily and the number, species and sex of flies caught determined and recorded. An index of apparent abundance (IAA) of tsetse was calculated as the number of flies (males and females) caught per trap per trapping day.
2.3. Parasitological and serological survey of bovine trypanosomosis 2.3.1. Sampling framework
To determine the prevalence of livestock trypanosomosis, the study area was divided into 180 grid cells of 10 km Â 10 km. Grid cells that on the basis of census figures appeared not to host enough cattle were left out. With the aid of a computer-generated random table, 36 out of the 148 grid cells were selected. These 36 grid cells had total cattle population of 11,531 animals, out of which 1800 cattle were selected (50 cattle from each of the grid cells). The 50-head sample represents the average size of a cattle herd in the area. Moreover, a sample size of 50 animals provides a 95% certainty of detecting at least one positive trypanosomosis case at a prevalence of 5% (Cannon and Roe, 1982) . For the purpose of sample collection, and because of the communal grazing system practiced in Ghana, we considered all herds of cattle in a village as one herd. A village with cattle in each of the 36 grid cells was thus selected for sampling by a computer generated random table.
Where the randomly selected herd could not give the required 50 cattle, the balance was obtained from a herd of another randomly selected village within the same grid cell. Transhumant cattle were not considered because their kraals and locations would not fit in the sampling framework.
Sampling and processing
The location of each sampling site, normally located in the vicinity of the herd's village, was determined using a GPS, and the relevant coordinates were used to map the distribution of bovine trypanosomosis. At each sampling site, blood samples were obtained from the jugular vein into heparinised tubes. Each animal was classified by breed, sex and age, the latter based on two categories: adult (P3 years), and young (<3 years). Two heparinised capillary tubes were filled for each sample and centrifuged for 5 min at 9000g. The packed cell volume (PCV) was measured and recorded. The Buffy coat and the uppermost layer of red blood cells of each sample were extruded onto a microscope slide and examined for trypanosome parasites under a compound microscope using the Buffy coat technique (Murray et al., 1977) . The plasma was collected on a filter paper, (Whatman No. 4, Whatman Ltd.) for further serological examination.
Serological diagnosis
Anti-trypanosomal antibody detection in the plasma on the filter papers was performed using an Enzyme Linked Immunosorbent Assay (ELISA). Plasma spots on filter paper were eluted in 1.5 ml of phosphate buffered saline (PBS) containing 0.1% Tween 20 for 2 h on a rotation shaker. Three indirect antibody ELISAs were performed on each sample using antigens of Trypanosoma vivax (Zaria 81/699), Trypanosoma congolense (IL1180) and Trypanosoma brucei (Desquesnes et al., 2001) . The sensitivities of these three tests, under controlled conditions, were above 90% in experimentally infected sheep and in non-infected cattle specificity was above 99% (Desquesnes et al., 2001) . The absorbance values were determined by photometry on an ELISA plate reader (Labsystem Multiskan MCC/340) using a 405 nm filter and interfaced to a desktop computer. For each type of antibody ELISA (ELISA -T. vivax, ELISA -T. brucei and ELISA -T. congolense), results were expressed in the Relative Percentage Positivity (RPP). Samples with RPP value exceeding the mean RPP of negative samples plus three standard deviations were considered seropositive (Desquesnes et al., 2001 ).
Statistical analysis
For each grid cell, the average PCV of the sampled cattle and its standard deviation were calculated. In addition, the average and confidence intervals of the parasitological and serological prevalence were calculated for each grid cell using a binomial distribution or the exact method when the prevalence was null. The overall parasitological and serological prevalence parameters were estimated in a robust logistic regression in Stata 10 (StataCorp., 2009). The grid cells were considered as primary sampling units and were given their cattle population as weight. The proportion of grid cells selected was used as a finite population correction factor. The data were further analysed in similar models using the animals' breed (WASH, Zebu or Sanga), sex and age classes, and the interactions between them as discrete explanatory variables. The relation between the PCV and the animals' breed, sex, age class, parasitological and serological status was first evaluated in a stepwise backward selection of estimators (p < 0.1). The distribution of the residuals of the retained model was assessed in a Q-Q plot. The data were then analysed in a robust linear regression, using the retained estimators and the interaction between them as discrete explanatory variables. Primary sampling units, weights and finite population correction factors were as above.
Results
Distribution of Glossina species in the study area
A total of 3561 tsetse flies were caught (Table 1) . Flies caught on the first day of the survey (482 flies) were lost before their sex and species could be determined. The tsetse survey revealed the presence of two Glossina species i.e. G. tachinoides and G. palpalis gambiensis. G. tachinoides was caught adjacent to the three main rivers of the Upper West Region, and thus appears to be distributed throughout the study area (Fig. 1) . The highest values of apparent abundance were found in the South-western tip of the Upper West Region, along the Black Volta River (IAA > 100). By contrast, G. palpalis gambiensis was absent from most of the study area, and flies of this species were only found at its extreme South, along the Kulpawn and Black Volta River basins (Fig. 1) . The mean IAA of tsetse was 8.7, 1.9 and 1.3 for samples taken along the Black Volta, Kulpawn and Sissili Rivers, respectively.
Prevalence of bovine trypanosomosis based on serological and parasitological examination
The parasitological and serological prevalence of bovine trypanosomosis in each of the grids of the Upper West Region are presented in Table 2 and Fig. 2 . Trypanosomal infections were detected in cattle from 18 of the 36 selected grids. The average parasitological prevalence was 2.5% (95% CI: 1.1-5.8). Only infections with T. vivax (27) and T. brucei (7) were detected parasitologically. The parasitological prevalence of trypanosomal infections was highest in the Sanga breed. Anti-trypanosomal antibodies were detected in cattle sampled in 29 of the 36 grids (Fig. 2) . In all grids, the serological prevalence of trypanosomal infections was substantially higher compared to the parasitological prevalence. The average prevalence of anti-trypanosomal antibodies was 19% (95% CI: 14-25). The prevalence of anti-trypanosomal antibodies was highest in adult animals of the Zebu breed (Fig. 3) . The average PCV of the WASH, the Sanga and Zebu cattle was 30%, 31% and 32%, respectively ( Table 2 ). The PCV did not differ significantly between parasitologically positive and negative animals (p = 0.4 in stepwise backward selection of estimators). Little variations were observed between PCV values in seropositive and seronegative animals of the WASH and Zebu breeds (Fig. 3) . In Sanga breed cattle, on the other hand, the average PCV of seropositive animals was lower (p = 0.01 in females and 0.1 in males; Fig. 3 ).
Discussion
Three tsetse species (i.e. G. palpalis, G. tachinoides and G. morsitans) have been reported in the northern part of Ghana (Buxton, 1955; Ford, 1971) . Results from the survey only revealed the presence of G. palpalis and G. tachinoides with G. tachinoides being present at the highest apparent density and distributed over a broader area.
The restricted distribution of G. palpalis gambiensis broadly follows the predictive distribution maps of this species in the region (Wint and Rogers, 2000; Wint, 2001) . However, failure to detect G. palpalis gambiensis in the most northern section of the Upper West Region suggests a tendency towards a southerly retreat of this species.
Tsetse flies have specific ecological requirements that differ between species (Buxton, 1955) . G. palpalis gambiensis lives in forests where optimal atmospheric conditions can be maintained (Challier, 1973) . These forests include the gallery forests along the Black Volta River. Hence, the disturbance of the riverine forests along the Fig. 3 . Parasitological prevalence and serological prevalence of trypanosomosis and average PCV (95% CI) for the various age and sex categories of each of the cattle breeds in the Upper West Region of Ghana.
⁄ Estimated using an exact method (prevalence = 0).
Black Volta River and other rivers in the study area and beyond significantly reduce the suitable habitat of G. palpalis gambiensis, sometimes leading to the complete disappearance of the species (de La Rocque et al., 2001; Guerrini et al., 2008) . According to the distribution models, the entire study area is predicted to be suitable for G. tachinoides (Wint and Rogers, 2000; Wint, 2001) . Contrary to G. palpalis gambiensis, G. tachinoides can cope with more open vegetation (Laveissière, 1976) and is less affected by anthropogenic changes of the vegetation (de La Rocque et al., 2001; Van den Bossche et al., 2010) . Nevertheless, the observed distribution of G. tachinoides is possibly more patchy and the apparent density highest close to the river basins.
Results of the parasitological and serological tests indicate that trypanosomosis is widespread in the study area. However, the parasitological prevalence of trypanosomal infections is generally lower than the parasitological prevalence of trypanosomal infections in cattle in the Savelugu and West Maprusi Districts of Northern Ghana (Mahama et al., 2004) . This is most likely due to low tsetse challenge because of the patchy distribution of tsetse although the regular use of trypanocidal drugs cannot be excluded. The dominance of T. vivax infections is in line with observations made in northern Ghana and elsewhere in the region (Mahama et al., 2004; Bengaly et al., 1998) . With the exception of Sagla, all villages with a parasitological prevalence of bovine trypanosomosis >5% (Tokali, Joliyiri and Gorima) were located close to areas with relatively high apparent densities of tsetse flies and were located close to one of the three main rivers or an important tributary suggesting an important role of the remaining riverine vegetation in harbouring tsetse. This finding was considered and appropriated in the planning of the tsetse control programme. Despite the presence of trypanosomal infections in cattle sampled at 18 sampling sites, the average PCV values were normal. This is attributed to the large proportion of trypanotolerant cattle (WASH) and to some extent the Sanga breed in the sample.
The average prevalence of anti-trypanosomal antibodies in the study area was 19%. This is in line with the 24% observed in the Savelugu District in the Northern Region of Ghana (Mahama et al., 2004) . It is not surprising that the prevalence of anti-trypanosomal antibodies is substantially higher than the parasitological prevalence. This is partly due to the low sensitivity of parasitological diagnostic methods for trypanosomosis (Marcotty et al., 2008) especially in trypanotolerant cattle where parasitaemia is usually very low (Naessens, 2006) and the persistence of anti-trypanosomal antibodies in the absence of infection (Bocquentin et al., 1990; Van den Bossche et al., 2000) . Hence, some of the seropositive but parasitologically negative animals are likely to be infected with trypanosomes (false negatives) whereas others may have been infected but have, for example, been treated. It is difficult to allocate a seropositive animal to one of those two categories.
However, on the basis of the PCV of an animal with anti-trypanosomal antibodies, assumptions can perhaps be made on its infection status. A typical sign of bovine trypanosomosis is anaemia which is best measured by determining the PCV (Murray and Dexter, 1988) . The lower average PCV of seropositive Sanga breed suggests that a proportion of the seropositive animals of this breed is or has recently been infected with trypanosomes resulting in a reduced PCV. The absence of such a relationship in the WASH may not be surprising since they are trypanotolerant and thus support trypanosomal infections without impact on their health (Naessens, 2006) . Surprisingly, no such relationship was observed in the Zebu cattle. This may be due to the frequent use of trypanocidal drugs in this very susceptible breed. These observations again demonstrate the value of indirect test such as the anti-trypanosomal antibody detection ELISA to improve the accuracy of trypanosomosis surveys especially in areas where trypanotolerant livestock is present.
Conclusion
G. tachinoides and G. palpalis gambiensis are the main vectors of trypanosomosis in the Upper West Region of Ghana. Entomological surveys conducted along the three main river systems suggest a possible southward retreat of the tsetse fly. However, trypanosomosis remains widespread in the Upper West Region, with the predominance of infections by T. vivax and, to a lesser extent, T. brucei.
The findings of the present study enabled an integrated tsetseelimination strategy to be developed, which combines aerial spraying (Sequential Aerosol Technique-SAT), ground spraying, insecticide treated targets and cattle pour-on. Implementation started in the period March-May 2010 with SAT operations, conducted along the three main rivers. SAT is being followed by targeted, selective deployment of the other control techniques.
